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~ Powell.M. Iovell, Jr., and ~sle P.

SUM4ARY

Parlett

An investigation of the stability and control of a low-Mng four-
engine transport vertical-take-off a~lane during the transition from
hovering to normal forward flight has been conductd with a remotely
controlled free-flight model. The mcxlelhad four propellers distributed
along the wing with thrust axes h the wing-chord plsme, and the wing
could be rotat6d to $@ incidence so that the.propeller thrust axes were
vertical for hovering Klight.

With the wing pivoted at the 30-percent mean-aerodynamic-chord loca-
tion, successful transition flights could be made when the center of
gravity was at the most forward position at which the model could be
flown in hoverhxg flight, but uncontrollable pitch-ups occurred when the
center of gravity was behind this position. With this wing-pivot loca-
tion, therefore, the model had virtually no range of allowable center-
of-~avi~ positions. With the wtig pivoted at the 15-percent mean-
aercxlynsmic-chord location, successful transition flights co~d be made
when the center of gravi@ was located anywhere h the forward half of the
range of Nsitions that could be trimmed h hovering flight; therefore
the mdel hsiian allowable center-of-gravity range of 8 percent mean
aerodynamic chord. The lateral stabili~ S@ control characteristics
were considered generally satisfactory even though for certain conditions
of airspeed and fuselage attitude the Dutch roll oscillation was lightly
damped.

.
INTRODUCTION

With the recent development of turboprop en@nes wi~ high ratios
of power to weight, it has become possible to build transport airplanes
capable of vertical tske-off and landing. One configuration which has
been proposed to accomplish vertical tske-off and landing while matitatibg
a fuselage-level attitude is a conventional airplane with the wings and
propellers capable of being rotated through 9°. Ih brder to determine
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2 NACA TN 3745

whether such an airplane is feasible from a stabili~ and control stand-
point, a flying model has been used to study the flight characteristics
in both hovering- and forward-flight conditions. The results of the
hovering-flight tests are presented in reference 1 smd the results of
the forkard-flight tests sxe presented herein.

The mmiel used W this investigationhad four propellers mountd
on a low wing with the thrust =es in the chord plsme. The wing could
be rotated from 0° to W“ incidence so that the propeller thrust axes
were vertical for hovering flight and essentially horizontal for forward
flight.

The investigation consisted primarily of flight tests. The _stabili&
and controllabilitywere determined from visual observation, from the
pilotst hpressions of the flying qualities of the mdel, and also from
motion-picture records of the flights. In addition to the flight tests
a few force tests were msde to deterndne the stabili~ and the control
effactiveness in forward flight.

The
Fig_me 1
moments,
records,

SYMEms .

motions of the model are referred to the body systa of axes.
shows these axes @“ the positive directions of the forces,
and angular displacammts. For simplicity h reducing the
ltiear displacements in ttie histories of the model motions are

presented with reference td horizontal and vertical space axes.

Ct mean aerodynamic chord of horizontal tail

iw wing incidence, deg

Mx ro133ng moment, ft-lb

% pitc~ moment, ft-lb

% yawing moment,

Mxp rate of change
ft-lb/deg

MZP rate of change
ft-lb/deg

X,Y,z body sxes

ft-lb

of roll- moment with sngle of sideslip}

of yaw3ng moment with angle of sideslip,

a angle of attack, deg
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P angle of sideslip, deg

8e deflection of pitch controls, deg

e angle of pitch of fuselage longitudinal =is relative to
horizontal, deg

# angle of roll, deg

* angle of yaw, deg ,

MODEL

The mcilelwas designed to represent a possible turboprop transport
airplane. A photograph of the model in the hovering configuration is
presented in figure 2 and three-view drawings of the model are presented
in figme 3. Table I lists the mass and geometric characteristics of
the model. The model was powered by a 10-horsepower electric motor which
turned four 2-blade propeUers with the thrust =es in the wing-chofi
plane. The speed of the motor was changed to vary the thrust of the mddel.

The wing could be pivoted at either the 15-percent or the 30-percent
mean-aerdynamic-chomi station smd could be rotated from 0° to X“ inci-
dence during flight. The propellers on each smispan overlappal and were
of such span that virtually the atire wing was immersed in the slipstream.
b addition to the conventional elevator and rudder controls the model had
full-span 2P-percent-chord control flaps on the wing which provided pitch
and yaw control durimg hovering and low-speed flight. Roll control in
hovering ad low-speed flight was provided by differentially Vsr@ng the
pitch of the outboard propellers.

The controls were deflected by flicker-we (full-on or off) pneumatic
actuators which were remotely operated by the pilots. The control actu-
ators were eqyipped with integrating-typetr~ers which trhmned the con-
trols a small amount each time a control was applied. With actuators of
this type a,model becomes accurate~ trimmed after flying a short the
in a given flight condition.

TEST SETUPAND3TJEET-TEST TEK!HNIQUE

Figure 4 shows the test setup for the flight tests which were made
in the Langley fulll-scaletunnel. T5e sketch shows the pitch pilot, the
safe~-cable operator, snd the power operator on a balcony at the side
of the test section. The roll pilot was locatd in an enclosure in the

—— .- — -—- ——-- ——-— —-——



4 NACA TN 3745

lower rear part of the test section, and the yaw pilot was at the top
rear of the test section. An additional operator (not shown h fig. 4) I

was located on the balcony nesr the pitch pilot to control the wing inci-
dence in these tests. Separate pilots operated the pitch, roll, and yaw
controls in order that careful attention might be given to the study of

t.

the motions of the model about each of these three axes. The three
pilots were locatal at positions which gave the best vantage points for
obsmming and controlling the particular phase of the motion with which
they were concerned. Motion-picture records were obtained with fixed
cameras mounted near the pitch @ yaw pilots.

The power for the main propulsion motor, the wiug tilting motor,
and the electric control solenoids was supplied ~ough wires, and the
afi for the control actuators was supplied through plastic tubes. These
ties and tubes were suspended from above and taped to a safe~ cable
(1/16-in& braid~ aticraft cable) at a point about 15 feet above the
model down to the model. The ssfety cable, which was attached to the
model above the wing pivot petit, was used to prevent crashes in the
event of a power or control failure or in the eve& that the pilots lost
control of the mcdel. During flight the cable was kept slack, so that
it did not appreciably bfluence the motions of the model.

.

Pitch control h homing and low-speed flight was obtained by
deflect- the wing control flaps together i&O. Since the elevatm
could not be switched out of the pit6h-control circuit it also operated
during hovering flight. An elevator deflection of -5° was used for
low-speed fli$jhtbut provision was made for reduchg the deflection to
~8° for high-speed,flight in order to prevent overcontro~ing. AS the
atrspe~ increas~, the elevator became progressively more effective;
and at a speed of about .45knots, the pilot reduced the elevator deflec-
tion and switched out the wing flaps.

Yaw control in hovering and low-speed flight was obtain~ by
deflecting the wing control flaps clifferenti&Uy t20°. S*e the rudder
could not be switched out of the yaw-control circuit it also operated
during hovering fli@t . As the airspeed ficreased, the rudder becsme
effective, and at a speed of about 13 hots, the - control flaps were
stitched oti and only the rudder was used for yaw contiol for the rana~er
of the flight. At a speed above aboti U knots, deflection of the wing
flaps for yaw control caused a slight rollhg motion; therefore, the yaw
pilot switched out the w5ng flaps at the ftrst indication that he was
disturbhg the model in roll.. The rudder deflection for all airspeeds
W3S ?25°.

Roll control h hovering and low-speed flight was obtained by dif-
ferentially varying the pitch of the outboti propellms i2°. At a speed

.

of abouk 25 hots the wing control flaps with deflections of tlOO were
switched in, and for the rematider of the flight both the outbosrd

\
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propellms and the wing control flaps were used for roll contil. Since
the pitch control to the outboard propellers could not be switched out,
this control continued to operate throughout the wtire flight range.

The test technique is explatied by describing a typical flight. The
model hangs on the sd%ty cable and the pwem is increased until the mdel
iS in steady hovering flight. At this point the tunnel drive motors me
turned on and the afispeed begins to increase. AE the airspeed ticreases,
the attitude of the fuselage is kept essentially horizontal, the tig inci-
dence is reduced, and the power is adjustei to provide the necesssry thrust
to balance the drag of the model. At an airspeed of about 13 lmots the
yaw pilot switches oti the w3ng-flap yaw control and uses only the rudder
for the rema@er of the flight; at sn airspeed of about 25 knots the roll
pilot switches in the - flaps for use as roll control in conjunction
with the variable-pitch propellers. At an airspeed of about 45 knots the
pitch pilot reduces the elevator deflection to t8°, switches out the wing
flap, and uses only the elevator for pitch control for the remainder of
the flight. me controls and power are operated to keep the model as
near the cemter of the test section as possible until a particular phase
of the stability and contiollabili~ is to be studied. Then, the pilots
perform the maneuvers reo@red for the particular tests and observe the
stability and control characteristics. The flight is terminated by
gradually taldng up the slack in the ssfety cable while reducing the
power to the model.

TESTS

lm.ght Tests

Most of the flight tests were made tith the w3ng pivoted at the
15-percent-chord location but some prelimimry flight tests were made
with the dng pivoted at the 30-percmt -chord location. The flight-test
results were obtatied ti the form of pilots1 observations and op~ons
of the behavior of the mciiel,motion-picture records of the moticms of

‘ the model, and time histories of the tests made from the motion-picture
records.

During the flight tests the stability and control characteristics
were studied for a range of center-of-gravitylocations: from 2 percent
mean aerodynamic chord behind the wing pivot to 8 percent mean aerodynamic
chord forward of the wing pivot. me center-of-gravi@ locations are
referred to in this paper as the locations when the wing was in the
hovering-flight position (~” incidence). As the tig rotated to @ hci-
dence, the center of gravi~ of the model mov~ upwazd and backward. !llhe
fOlloicblg

,-, locations
table shows the longitudinal amd vertical
for hovering and normal forward flight in

center-of-gravi@
percent mean aerodynamic

—— . —. — _———
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chord with relation to the wing pivot sxis (positivevalues
the center of gravi~ is above or forward of the wing pivot

1 1 I
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indicate that
axis):

I wing-pivOt- 1 Hovering flight I Normal forward flight I
pOint location

Longitudinal

30 percent meti’
aerodynamic :

chord 8

-2
15 percent mean o
aerodynamic

chord f
8

Vertical Longitudinal Vertical

2 -5 7
2 -1
2 3 ;

The flight tests were made at airspeds from
the mcdel is considered as a l/10-scale model of an
speed reachd in the tests corresponds to about 210

Force Tests

O to 65 hots. l?
airplane, the highest

~

bets full scale.

,,

Some preliminary force tests were made with the wing pivoted at the
X&m&ent mean-aemdymmic-chord location before the flight tests were

. The force-test data were computal for the center-of-gravity
locations correspondbg to each angle of ticidence for the hovering case
with the center of gravi~ directly over the wing pivot. The tests were
run at one-half the rated speed of the model motor, with the tunnel air-
speed adjusted to produce zero net drag on the model when all controls
were at zero deflection.

No tunnel-waU or blockage corrections have been applied to the force-
test data. It is expected that these corrections would be large since
the model was large in relation to the test section of the free-flight
tunnel where the force tests were made.

RESULTS AND DISCUSSION

The results of the present investigation are more easily seen in
motion pictures of the flights of the model than is possible in a written
presentation. For this reason a motion-picture film supplement to this
paper has been prepared and is available on loan from the National Advisory
Committee for Aeronautics, Washington, D. C.

—.
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An explanation of the
flight records is shown in

control-record plots containai in all the
the following sketch:

7

n n
4

Flicker
deflection L._

!-

-- .- _ ‘i
T
Trim

me horizontal line is a reference ltie which has its ori~ti not neces-
sarily at 0° deflection but at the control trim position required for
hovering flight. me flicker deflection is the control deflection applied
by the pilot. Each time a flicker deflection is applied, the contiol is
trimmed a small amount h that direction; if the control is deflect~ more
times in one direction than in the other, a change in trti occurs. !l!he
lrti change is indicated at the right of the plot. Since the tties at
which the pilots stitched the various controls in or out could not be
determined from the control lights, it is not possible to teU from the
control records whether combination controls or hdividual controls were
being used or whether the large or small elevator deflection was being
used. In the pitch-control records, control deflections of *~0 are shown
in all cases, although at the higher speeds the elevatcm deflection was
reduced to t8° and the flap control was switched off. Z!hechanges in
trim shownby the pitch-control records were computedby addhg a small
increment of trim in the proper direction each time the control was
deflected. The trim changes shown were based on the characteristicsof
the titegrating trimmer
not actually applicable
contiol flap.

Wtig Pivot

used with the large elevator deflection and are
to the small elevator deflection or to the wing

at 30 Percent Mean Aerodynamic Chord

Figure 5 shows time histories of flights made with the center of
gravity located at and 4 percent mean aerodynamic chord ahead of the
wing pivot. I?othof these flights ended in uncontrollable pitch-ups at .
low forward speeds. llhenthe center of gravity was located at 8 percent
mean aerodynamic chord ahead of the wing pivot, successful tmmsition
flights could be made as indicated by figure 6. It was necessary for the
pitch pilot to exercise extreme care during the low-speed portion of the

. flight, however, in order to prevent sn uncontrollable pitch-up with this
center-of-gravi~ location. Stice the 8-percent forward center-of-gravity
location was the most forward one at which the model could be trhmed in

< hovering flight, the model hsil~ually no allowable center-of-gravity
range.

— .__. ______ —...— ——.—. ..— — -—.
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The flights illustrated in figure 5 were made with the hor*zontal-
tail incidence set at 10°, but it was found in other flights tha% neither “
ticreasing the tail incidence to 20° nor ticreas~ the chord of the tig
control surfaces to 40 percent ~ chord was successful h preventing
the pitch-up. fi some cases the pitch-up tendency illustrated by the
records h figure 5 was aggravated by the application of control regylred
to keep the mmlel fl@mg in the test sectidn of the tunliel. For exsmple,
at the petit where the mdel starts to pitch up (see fig. 5(a)), it is
also moving fOrwara. Ih order to prevat it from gom too fax forward
into the throat of the tunnel the pitch p’ilotwas forceclto apply a nose-
q control momentarily. This, of comsej made the model nose up more
rapidly thsa it would have otherwise and caused it to move downstream
b the tunnel. !Ihethe history shows that as the model started to move
downstiesm, the pilot was unable to prevent the pitch-up with full-down
pitch control. The pilot of a full-scale airp@ne would not be faced
with exactly the ssme problem as the pilot of the model, since he would
not be forced to accomcdate the airplane to a given rate of ticrease in
speed and since he could immediately apply all.available control without
behg lhited by a separate trimmer. It is possible, therefore, that the
pilot of an airplane could make successful transitions with slightly more
resrwsml positions than wer~ possible with the model. L

K a person not familiar with the flying of small remotely controlled
models with flicker-me controls the motions shown in figme 5 may appear B
erratic, but this record actually represents smooth flight for these tests,
A full-scale a~lane could be flown considerably more smoothly than the
mdel because the singularvelocities of the airplsne would be much lUWQ?
than those of the model and because the pilot could sense the movements
of the airplane more quickly and apply the proper smount of corrective
control more exactly than was possible tith‘the model.

Some force-test data which illustrate the effactiveness of the pitch
controls are presented in figure 7. A nose-up pitching moment, which
ticreases with decreastig whg incidence, exists when no controls are
deflected. There is sufficient control moment contributed by 30° deflec-
tion of the Mng flaps to trti the pitching moment to zero between 90°
and 70° incidence but not below 70° incidence. Z!hemoment produced by
the wing Plaps and the elevator combined is sufficient to trim the model
over the entire angle-of-attackrange; but, in the single-of-attackrange
in which the pitch-ups occurred (between about 70° and 55° incidence),
only a small additional smount of control momat is available for msneu-
ver~ the model a correcting for disturbances. Since these data were
not corrected for tunnel-walIleffects they sre probably not quantitatively
accurate and are intended only to indicate trends. It may be, therefore,
that the control effectivenesswas actuaHy not great enough to trim the
mcdel in the critical rsmge.

.
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On the basis of these force-test data and the flight-test results
with the 30-percent mean-aerodynamic-chordpivot point, the wing pivot
was moved to the 15-percent mean-aeralymmic-chord location. With thiS

modification the control flaps had a longer moment arm and produced more
control smd the propellers and w3ng aerodynamic cent= had a shorter
moment arm and less instabili~. Stice both the control effactiveness
and the stabili~ were changed when the wing was moved, the data in fig-
ure 7 are not consider~ applicable to the configuration in which the
wing was pivoted at 15 percent mean aerodynamic chord. No force tests
were made with the revised configuration.

No detailed studies of the lateral stahili~ and control character-
istics were made with the wing pivot located at 30 percent mean aerody-
namic chord. Iu general, these ch=acteristics awemed to be similar to
those obtained with the wing pivot at 15 percent mean aerodynamic chord
which are discussed in the following section.

Wing Pivot at 15 Percent Mean Aerodynamic Chord

Longitudinal.stability and control.- With the whg pivot moved for-
, ward to 15 percent mean aerodynamic chord, successful transition flights

could be made when the c.enta-of gravi~ &s located at the wing pivot.
Fi~e 8 shows a time history of a typical transition flight with this
center-of-gratity location. It was necessary, however, for the pitch
pilot to exercise extreme care during the low-spe~ portion of flight in
order to prevent an uncontrollable pitch-up. ~ the fuselage attitude
was allowed to exceed cm angle of pitch of about 10°, the model would nose-
UP and diverge despite the efforts of the pilot to stop it. me contil
record in figme 9 shows that the pilot applied about 20° of nose-down
trim (from the trim position required for hovering flight) h order to
get successfully through the angle-of-attack range in which the pitch-ups
occurred. After passing through this range, the pitch pilot was required
to trim the model nose w as the airspeed increased because the horizontal
tail became more effective and therefore produced more rime-down trim as
the speed increased.

Two typical time histories of flights in which pitch-ups occurred
with the longitudinal center-of-gravi~ location at the wing pivot sre
shown h figure 9. !i?hepitch-ups occurred between airspeeds of 9 and
18 hots. !lhecontrol records in figgme 9 show that the pilot was
trimdng the model nose down throughout the entire flight and that even
with the controls deflected 25° downward from the trim position of 20°
(total of 45° nose-down control) themodel diverged.in pitch. At the
airspeed at which the pitch-up tendency was most ,pronouncalit was found
that if the fuselage was kept at a zero or slightly negative angle of
pitch, successful &nsitions could be made; whereas if the fuselage
allowed to reach a nose-up attitude as high as 5° the mdel usually
diverged.

was

.
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successful transition flights could be made with
located behind the wing pivot, although nmmrous
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the center of
unsuccessful

attapts were made with the center of-graviti located 2 percent mean
aer&nsmic chord behind the whg ~iv&. ~- all these &ses - even when
the horizontal-tail incidence was ticreased to 20° - the flights were
terndnat~ by an uncontrollable pitch-up.

With the center of gravity at 4-percent or 8 percent mean aerodynamic
chord forward of the w3ng pivot, successful transition flights could be
made consistently and easily. IY.gure10 presats a the his@_-y of a
typical t?smsition flight made with the 4 percent center-of-gravi~
location.

Lateral stabil.iw smd control.- Jn general, the lateral stability
and control charact~istics were satisfactory throughout the flight range,
except that for c-in flight conditions the Dutetzroll oscillation was
li@ltly damped. E only the propeller pitch was used for roll control
and the fuselage was kept horizontal, the Dtich roll oscillation was easily
excitd at speeds above about 25 knots, szd occasionally the model becsme
uncontrollable. A time history of a flight made with only the propeller
pitch used for roll control is shown h figure 11. b this figure it may
be seen that when the fuselage was kept at about a 10° nose-up angle of *

pitch the mdel could be coniz’oiledwithout too much difficulty; but, when
the fuselage singlewas reduced to about 0° (at about 14 seconds), the Dutch ,.
roll oscillation becsme violent, and, b this particular flimt, uncontrol-
lable. It is probable that the reason the model could be flown with a 10°
nose-up attitude and not with the fuselage level lies in the increased
Dutch roll stabiliw when the principal longitudinal axis of inertia is
incilhed upward. tie alternate left and right
abouk halfway through the flight to the end of
the pilot was trying to stop the oscillation.
however, some lag existed between the time the
trol and the time he applied the control. For
when lag such as this exists, the controls ~

control app~cations from
the flight ~icate that
Ih this particular case,
pilot saw the need for con-
lightl.ydamped oscillations
actually aggrawrbe the motion.

When both the propeller pitch and the ailerons were used for roll
control at speeds higher than abut 25 knots the Dutch roll.oscillation
was not excited, probably because the adverse ya@ng moments caused by
the ailerons tended to compensate for the excessive favorable yatig
moments caused by the use of propeller pitch for roll control. Figure 12
presents a the history of a flight b which the model was being controlled
h roll with both the propell~ pitch and the ailerons. When this combti-
tion of contiols was used, the Dutch roll oscillation was not noticeable
and the pUot felt that the model was much easier to fly than it was when
only the propeller pitch was used for roll control. There was no notice- -
able cliffer~ce in the flight behavior of the mdel with the fuselage
either 10o nose,up or level when this combination for roll contiol was
u&. Figure U? shows that the mcdel could be flown about as smootbllyat ,
0 @e of pitch as it could at 10° angle of pitch.

———— ——--—
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!llhepropeller pitch control was not switched off when the ailerons
were switched on stice the propellers produced favorable yaw which counter-
acted the adverse yaw’of the ailerons. The resultant yawing due to appli-
cation of the propeller pitch and ailerons was very small as was evidenced
by the very few rdier control applications required at speeds above about
25 lmots.

The force-test data in figme 13 explain the flight results obtained
with the propellers alone and with the combination of the propellers and
ailerons for roll control. These data show that the propellas alone give
very little yaw5ng moment at wing incidence above about 50°; but, at
lower incidence, the propellers alone produce large favorable yawing
moments. B fact, at wing incidence below about 25° the yawing moment
produced by the propellers is greater than the rolling moment. Since the
wing control flaps produce -ge adverse yaw@j moments at wing incidence
angles below about 50°, the net result of combinhg the propellers and
ailerons is to “~ovide a roll control that produces favorable yawing
moments at the lower wbg ticidences. Figure 13 also shows that the
combination of propellers @ ailerons for roll control was necessary at
low incidence angles because the roll.bg effectiveness of the propellers
alone decreased to zero whereas that of the ailerons increased rapidly at
the low incidence angles. Although the data in figure 1.3were obtainel
when the wing pivot was at the 30-percent mean-aerodynamic-chord location,
they are probably essentially correct for the configuration with the -g
pivot at the 15-percat mean-amodynsmic-chord location because the modifi-
cations to the model should not have
teristics to any extent.

Fiwe 14 presents some lateral
model with the fuselage at angles of
show that, in general, the model had

changd the lateral contiol charac-

stability characteristics of the
attack of 0° and 200. These data
positive dihedral effect and static

directional stability for both angle-of-attack conditions covered in the
tests although a slight directional instability existed at low wing inci-
dence angles when the fuselage was at an singleof attack of Xl”. Fig-
ure 15 presents the directional stability and the effective dihedral
parameters dete-~ from the slopes of the cmves of figure 14.

SUMMARY OF RESULTS

The following results were obtained from trzmsition flight tests of
a model of a low-wing transport vertical-take-off airplane with tilting
wing and propellers:

1. With the wing pivoted at the 30-percent mean-aerodynamic-chord
location, successful transition flights could be made when the center of
grsvi~ was 8 percent forwerd of the wing pivot, but uncontrollable

.—. . --— .- — — -.......——
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pitch-ups occurred when the center of gravi~ was at the wing pivot or
only 4 patent fOrward.

2. With the wing pivoted at the 15-percmt mesm-aerodynamic-chord
location, successful transition flights could be made when the center-
of-gravi~ position raug~ from dtiectly below to 8 percent mean aero-
dynamic chord forward of the wing pivot point, but uucontiollable pitch-
ups occurred for center-of-gravi@ positions behind the wing pivot.

3. ‘lhelat-1 stabiliw and control characteristicswere considered
g=era13y satisfactory even though for certati conditions of airspeed and
fuselage attitude”the Dutch roll oscillation was lightly dsmped.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

b.n~ey l?i,e~,Va.,K 28,1956.

1. Iovell, Powell M., Jr., and Parlett, Lysle P.: Hovering-Flight Tests
of a Mel of a !bmsport Vertical.-Take-OffAirplane With Tilting
wing and ‘Propellers. NACA ~ 363o, 1956.
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?Jef.ght:
w Pl~~ at 30 percentmeh ~-, lb . . . . . . . . . . . . . . . . . .
W@ pivotedat 15 ~eut man a~M, lb . . . . . . . . . . . . . . . . . .

Momeri-tof l.m%ia for center of graviti Mreetly abn-e wingpivot
(~ PI* .ct30 percentmean mr@mmic cM):

Momentof tiertiaabut X-aMe,
Ix, slus-ft2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mcmelrtof inertia aboutY-,
Iy, BlU@t2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Momentof tiertia abut ‘Z-axia,
IZ, SlWft2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fuselage length,ln. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Z=, (& bMes each):
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2dmw(ea ch&.&ti4)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

@+.4
67.7

2.58

3.05

5.13 ,

&.8

a.o
0.079
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m:
%epback(l-eu’e),aeg ......................... ..... 6
Ail%O~SeCtiO?J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NACAO015
Aapactratio . . . . . . . . . . . . . . . . . . . . . . . . . .............y.8~
Tipcholfl,iI1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rmtchord (atcentmline), h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1716
!&Parmtio............................... ........ 0.9
&aa(tcrwto centerMna), Sqim. . . . . . . . . . . . . . . . . . . . . . . . . . . . 9+39
m,~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76.0
-~-, . . . . . . .................. . . . . . . . . . =.0
Contsol-~me~,perc& chord. . . . . . . . . . . . . . . . . . . . . . . . . . ~
Dihdralmgla,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

Vertioal‘iau:
Swe@mck(led@e&e),dag. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..5.o
A5rfoil.sec=tion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .NACAOW
AqEctratlo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1.*
Tipchcd, in. . . . . . . . . . . . . . . . .’. . . . . . . . . . . . . . . . . . . . . . 7.*
Rootchcrd (atcenterUne), h.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . U..I.2
!lbparratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.68
Area (totdtacenterune -~aorsalaea), sqin. . . . . . . . . . . . . . . . tig.1
Spl, lo.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..llw.
~~~=,fi..... .................. . . . . . . . . . .

Rudder(Mngelineperpticulertnfuselagecenterllne):
mPch07xLiIL. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5
Rootchcd,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.C5
$wb ~....-....,.. . . . . . . . . . . . . . . . . . . . . . . . . . . ...14.03

Hori?.cmtaltail:
SWaepkmk(lawlga%m),aeg. . . . . . . . . . . . . . . . . . . . . . . . . . . ...7.3
MrfosLsection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HncACC@
-=WCJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..5J31.
l’ipChCd, ti. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6
Rootchord (atc-llne), in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.3
Taperratlo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5
Arm (tuts.ltocentwhe), sqin. . . . . . . . . . . . . . . . . . . . . . . . . . . . 241.9
spin,in.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37.5
~1-~cc=>fi... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.62

Kleva* (hinge- papmdicularte ~elage centerline):
mpchd,ti. ..................................... 2.13
Root Chord in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.30
-(~h},fi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..16.%

—.——–—.... — .-... —.z= _ y. -..——. — . . .
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